UNCLASSIFIED 
AD  NUMBER 


AD012956 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

restricted 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  Use;  06  MAY 
1953.  Other  requests  shall  be  referred  to 
Naval  Avionics  Facility,  Indianapolis,  IN. 


AUTHORITY 

E.O.  10501  5 Nov  1953;  NAFI  ltr,  16  Aug 
1972 


THIS  PAGE  IS  UNCLASSIFIED 


i 


UNCLASSIFIED 


AD 


DEFENSE  DOCUMENTATION  CENTER 

FOR 

SCIENTIFIC  AND  TECHNICAL  INFORMATION 

CAMERON  STATION  ALEXANDRIA.  VIRGINIA 

CLASSIFICATION  CHANGED 

■fQ  UNCLASSIFIED 

FROM  restricted 


MMM  MW*  * *****  m 

teute  18501  tail  5 1 mm*  ml 


Document  Sendee  t inter 

Armed  Senricet  Ten.  tafo  Wf 


RESTRICTED 


0. 


3.  NAVAL  GRTAAKS  PLANT 

aampom,  mam 


MAYMTAIJ  UPflBIOM 

1WT  WO.  If 

fm— n nggr  wo.  4 


RESEARCH  AND  BBT  fTinTMTT 
Mifrnii  tmrTNTCM 


PRoarau  foracr  on  vamahl  nvatTiOATicw  ncuram 

DATA  OH  A LOW  KZPANBIV  *t«rr—  pqpcm  tTJJTT 


6 May  IMS 


Opt  B.  C.  TM#i 

WataJLlurglMl  Bml 

A|>prtr>4i 

J.  0.  *m*aar,  Hm4,  UrkaOlartloal  Bum! 

Carl  nrfiHa,  HmA,  UteridLa  Dlvlaiwn 

W.  A.  Kay,  Baai,  P<wiar»>  and  fast  napa i A— anti 


*4 


KMTRICTWD 
3BCURITY  IUTORUATION 


RESTRICTED 


(rrnUHKS  CONT*D) 


PASS 

ft.  vAHAsn,  casii as  shdrbg  silicor  SBaoomoK  oppoarrm  . . 

HBAVT  RIBS  Olf  BACK*  OKS  THICDWS  .2T8*  - .885-  ....  IS 

T.  VABASH*  CASTING  SBQS2C  AESHSCB  (XT  SILICON  SKRBSAXXON 

AIT*  RaCTCHO  OKC  THICXBBSS  TO  .220-  - .280- IS 

%§mm 

1.  STRHGTH  AHD  EXPANSION  DATA  OB  BALL  HXLIXD  AIHIIBDH  POSE* 

Amir  (iat  si  s.ai  n) 2 

2.  COMPARISON  or  SHUPBTH  ABD  THBWAL  IXFAMSKM  FOR  OAST  AHD 

FUND*  ALLOTS 5 


ALBMUIGM  FORD*  3XVBBI2HS T 

4.  HffKT  or  TTTAHHM  HTDRHX  OB  STMBPPf  ABD  IXPASSXOM  (XT 

PURE  ALDUHKJ1I  PORI*  SHRBRXBGHI ft 

s.  ananas:  ahd  bxpaksiob  data  or  TTEumM-AiiiwiiwM  pore* 

allot t 

ft.  BFIMT3T  OF  ALLOT  ADDBPOTS  TO  ALSX33K  PGH55  SDrjgRIBBfl  . 10 


HBSTRICTffiD 
SBCDHHT  INFORMATION 

I 


ft 


11 


RESTRICTED 


SUBJECT:  Progress  Report  on  Vanasll  Investigation  Including  Data 

on  a Low  Expansion  Aluminum  Powder  Alloy 


RSnRQEKGB: 


(a)  Progress  Raport  on  Vanasll  Investigation,  ROPI  Resaaroh 
Da  part  want,  Raport  No.  16,  Preliminary  No.  1 by  7.  C. 
Tags ar  and  7.  Q.  Valr 

(b)  Progress  Raport  No.  2 on  Vanasll  Investigation,  NOPI 
Research  and  Teat  Department,  Raport  No.  17  by  7.  C. 
Vagner  and  7.  G.  Weir 

(o)  Progress  Report  No.  S on  Vanasll  Investigation,  NOPI 
Resaaroh  and  Test  Department,  Raport  No.  SI  by  7.  0. 
Vagner  and  B.  C.  Vaughn 

(d)  Sena  Experiments  in  the  Production  of  Aluminum-Mlokal- 
Iron  Alloys  by  Powder  Uetallurgy  by  P.  R.  Xailsohar, 
detain  Teehmology,  August  1941,  T.P.  ISOS 
(a)  Raoant  Developments  in  tbs  Pormstlon  of  Alusdnua  and 
Aluminum  Alleys  by  Peeder  Metallurgy  by  G.  D.  Cromer 
and  7.  7.  Cord  lane,  Metals  Technology,  Tons  1943:,  T.P. 
1874 

(f ) Metallography  of  Aluminum  Alleys,  L.  P.  Momdolfo,  John 
■iley  sad  Sene,  194S 

(g)  Beat  Resisting  Sintered  Aluminum  by  R.  Irmum,  The 
Engineers  Digest,  Vol.  IS  No.  1,  Jan  1962,  page  9 


ABSTRACT 

An  aluminum  powder  alloy  erne  produced  with  a linear  coefficient  of 
expaaslen  of  9.6  x 10~*  inches  per  inch  per  degree  P.  (68°-  212°  p)  with 
other  physical  properties  equal  to  those  of  Vanasll,  but  with  considerably 
Improved  maehinablllty.  A large  number  of  aluminum  powder  alloys  were 
mvutv'mjwu.  la  am  attempt  to  find  the  moat  practical  light  alloy  for  use 
with  300  series  stainless  steel  end  phosphor  bronze  in  instrument  menu- 
faoturlng. 


Silicon  segregation  in  a Vanasll  casting  was  reduced  by  reducing 
sect  Ion  size  of  the  oaatlng  and  thus  Increasing  the  freezing  rate  of  the 

metal. 


Two  trail  oomputora  built  on  A~132  bass  eastings  operated  perfectly 
after  exposure  to  temperatures  of  -40°  and  165°  P. 

1.  Introduction 

a.  The  original  objeetive  of  the  Vanasll  investigation  was  to  develop 
a light  weight  oaatlng  alloy  with  the  low  coefficient  of  expansion  of  Vana- 
eil  but  with  improved  maohinablllty.  The  linear  coefficient  of  thermal 
expansion  of  Vanasll  is  ideally  suited  to  the  manufacture  of  instruments 
in  which  typo  503  stainless  steal  and  phosphor  bronze  grade  B components 
ere  assembled  into  an  aluminum  base  ousting  alloy  frame.  However  the  diffi- 
culty of  machining  this  material  gave  rise  to  a program  aimed  at  developing 
a eueoessor  to  Vanasll  in  suoh  applications. 
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b.  Two  linos  of  attack  on  thla  problem  were  suggested:  first, 

variations  of  analysis  of  normal  low  expansion  aluminum  base  alloys  to 
reduos  tbs  primary  silioon  precipitation  which  makes  Vanasil  so  diffi- 
cult to  machine;  and  second,  development  of  an  alloy  by  powder  metallurgy 
methods  to  accomplish  the  same  end. 

o.  1 little  work  was  started  on  the  variation  of  analyses  using 
titanium  to  replace  the  hypereuteotio  portion  of  the  silioon  in  Vanasil. 

An  alloy  was  made  with  a coefficient  of  linear  expansion  of  9.7  x 10*"* 
inches  per  inoh  per  degree  p (68°  -218°)  . The  high  temperatures  required 
to  melt  the  titanium-alusiinum  waster  alley  made  the  casting  very  gassy  in 
spite  of  the  Argon  atmosphere  used  over  the  shole  melting  and  pouring  equip- 
ment. Further  melting  of  the  high  temperature  aluminum  alloys  was  scheduled 
for  a vacuum  furnace  and  until  the  fumaoe  could  be  procured,  the  activity 
of  the  investigation  was  dirweted  toward:  powder  metal  alloy  development. 

2.  Killed  Low-Expansion  Aludnum  Powder  Alloy 

a.  The.  best  powder  metal  alloy  produced  on  this  program  was  made  by 
ball  milling  a powder  mixture  consisting  of  13£  silioon  *326  mesh,  3.3£ 
nickel  -325:  mesh,  balance  atomised  aluminum  -100  mesh.  This  powder  warn 
milled  20  hours  under  methyl  alcohol  In  a porcelain  jar  with  ceramic  cylin- 
ders as  a grinding  msdiueu  Test  bars  .280  x .500  inches  in  arose  section 
by  3 inches  long  were  ooapeeted  at  80.000  P8I,  The  compact*  were  sintered 
at  temperatures  of  1000° , 1020° » so*  1040*  p for  1 and  2 hours  in  a hydi’ogen 
atmosphere  dried  to  a dew  point  o t -43°  F.  The  coefficient  of  thermal 
expansion  warn  determined  on  most  of  the  individual  test,  bars  and  then  their 
transverse  breaking  strength  was  determined  by  loading  them  as  a simple  beam 
over  a 2.40  inoh  span.  Table  1,,  is  a surrey  of  the  properties  obtained 
from  tbs  variations  of  the  sintering  technique. 


EomriVs 

lumber 

Sintering 

Trans.  Break. 
Load.  U». 

Coeff . of  exn.  i 

m /m  /Oy  x XQ-® 

Tims, Hr*. 

Tamp.  °F. 

Atmosphere 

V5 

2 

1000 

% 

205 

9.7 

V6 

2 

1000 

% 

203 

2.8  j 

VT 

2 

1000 

% 

182 

9.9 

Vtt 

2 

1000 

208 

9.8 

xto 

1 

1020 

% 

1*L* 

9.6 

XJXL 

1 

1020 

% 

— . 

9.5 

XS2 

2 

1020 

Hg 

163* 

9.0 

XI 

1040 

% 

198 

— . 

12 

1 

1040 

% 

217 

10.6 

X5 

2 

1040 

% 

228 

— . 

XT 

2 

1040 

% 

233 

_ _ ir  t 

X8 

2 

1040 

- g*  - 

234 

9.0  1 

TABUS  1.  STRENGTH  AHD  E2PA1ISI0N  DATA  OH  BALL  UTtJan 
AyjUINQH  POUMH  ALLOT  (13i  81  3. Si  Hi) 

* The  two  160  pound  strength  values  of  the  ”X-2Q*  aeries  are  considered 
abnormally  low  and  net  typical  of  the  usual  production. 
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b.  The  "V"  aeries  from  this  tabic  shows  a high  degree  of  eonaisteaoy 
in  strength  and  expansion  oharacteriatioa.  Both  tbs  "I"  series  show  that 
increasing  sintering  tins  at  a constant  temperature  reduces  tbs  oosffioisnt 
of  expansion.  Over  this  range  of  tenperatures  and  tine  the  transverse 
breaking  strength  is  net  Materially  effected.  The  distortion  or  shrinkage 
of  these  saaples  increases  with  more  severe  sintering  aonditiens  but  is 
not  considered  offensively  high  at  the  optlsMt  sintering  tenperature  of 
1080°  for  1 hour,  trader  these  ooadltieaa  a 3*  bar  will  shrink  .040  lashes 
in  length  on  sintering. 

a.  To  ooMpare  the  strength  of  thesa  barm  with  the  standard:  oast 
aatsriala  savaral  barn  were  aaehinsd  to  the  earn  diaenalona  frost  both  as 
cast  and  beat  treated  Vkaaail  and  A-132.  These  vers  then  tested,  as  beans 
In  the  sene  Manner  aa  the  pander  bars.  On  this  basis,  the  powder  bars  of 
thsse  series  have  about  1801  of  the  strength  of  heat  treatad  Yaaaail  and 
9L%  of  the  strength  of  A-I3g.  A mieher  of  attenpts  ears  ends  to  test 
thesa  Materials  as  enaTI  tensile  speoinsns.  The  stronger  saaples  behaved 
fairly  sell,  but  a good  aaay  of  the  weaker  aanplas  eere  broken  ia  the 
naohliie  shop.  Finally  the  transverse  heser  test  was  adopted  as  a standard 
testing  Method  ta  avoid  the  loss  of  data,  on  poorer  sastples. 

d.  The  nost  objectionable  — operations  on  the  Vaneail  castings 
are  drilling  and  tapping  snail  holes,  km  a coapariren,  holes  of  efjulva- 
lent  else  eere  drilled  and  hand  tapped  in  sane  of  these  sinterings  end  in 
eons  Vassal!.  The  hand  operations  eere  very  annh  sealer  in  the  sinterings 
than  In  Vaaasil.  No  exhaustive  naohiaabiXlty  rating  studies  were  attempted 
but  both  the  aatual  band  operations  and  the  mdaroatrueture  of  theee  Materials 
show  a.  clearly  lnproved  narrhinl  sg  problee.  This  Material  ia  brittle  but  is 
certainly  no  eorse  than  Vanaail  in  thin  respect. 


SUJUflB  1.  Uloroetruoture  of  Ball  Hilled  Aluninun  Poeder  Alloy  (13£  Si, 

3»8j5,  Ni)  X 1000.  Typical  of  niorostruotures  of  saaples  listed 
la  Table  1. 
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9.  The  largest  grain  in  this  mioroetruoture  covers  less  than 
one  five  hundredth  of  the  aawa  ef  the  primary  silicon  crystals  in  Vana~ 
oil  (Refersnoe  (a),  poge  6).  There  is  no  evidence  of  grain  growth  or 
rsorystolisation  in  this  sdorostruoture . 

f . The  apparent  density  of  this  powder  after  silling  and  drying  is 
0.36  grans  per  oufoio  cent lne ter.  Its  oonpressibility  is  7.Atl.8ise  distri- 
bution studies  were  started  by  dry  aorsenisg.  The  -325  fraction  was 
classified  in  a still  water  ooltum,  removing  the  settled  fractions  after 
■ensured  tins  intervals.  After  drying  again,  these  fractions  were  studied 
aioroseopically  and  an  average  sise  determined  for  each  fraction.  Now 
obviously  there  is  a discontinuity  at  the  change  from  screen  to  mloro- 
soopio  method}  however  it  is  felt  that  the  data  is  most  clearly  expressed 
in  this  form.  The  sise  distribution  1st  f 200  mesh,  Oj;  + 328  mesh,  9%; 

45  micron,  ITJl;  30  mioron,  ITti  15  mioroa,  13£}  10  micron,  11  %\  8 micron, 
9it  3 micron  end  finer,  24£. 

g.  The  effect  of  compacting  load  was  studied  at  loads  both  above 
and  below  00,000  Pel.  Samples  of  this  material  oompaeted  at  67,000  Psi. , 
abased  almost  Identical  properties  to  those  compacted  at  80,000.  larlier 
work  with  mixtures  of  elementary  powders  mixed  without  ball  milling  indi- 
cated that  bars  oompaotsd  at  105,000  Psi  were  superior  to  those  at  80,000. 
The  higher  lead  mas  not  available  at  this  station  for  mors  detailed  study. 
At  loads  of  80,000  Psi.  the  green  density  is  2.3  grama  per  ouhio  centimeter. 
Density  after  sintering  increased  to  2.4. 

h.  The  physical  properties  of  this  material  are  comparable  to  those 
of  7oaaeil.  The  coefficient  of  linear  expansion  may  be  a oat rolled  between 
9.0  ami  9.9  x 10"®  */"/°  T.  (68°  - 212°)  by  appropriately  controlling  the 
sintering  time  and  temperature  as  indicated  in  liable  1.  Within  the  limita- 
tions of  powder  metallurgy  parts  and  methods  this  is  a solution  t©  the 
original  problem.  Parte  amenable/-  to  powder  metal  production  nay  bo  manu- 
factured by  these  techniques.  This  would  net  answer  the  demand  for  a 
casting  Material  for  the  more  involved  instrument  housings. 

3.  Powdered  Vanasil  and  A -132  Modification 

a.  The  first  attempts  at  the  powder  approach  to  the  Vanasll  problem 
were  made  by  ball  mill  powdering  Vanasll  and  A-132  with  small  amounts  of 
niskel  added  in  the  milling  (Refersnoe  (e),  page  11).  The  nickel  modified 
Vanasll  lost  considerable  silicon  in  milling  end  ended  with  an  analysis  of 
ISf,  silicon  and  2-4 £ nickel.  This  only  reduced  the  coefficient  of  expansion 
to  10.9  x 10“®  */*/®F  which  is  approximately  equal  to  that  of  A-152.  The 
A-132  ball  milled  with  nickel  additions,  though  lower  in  silioon,  produced 
a better  eoeffloient  of  expansion  (that  is,  nearer  the  nominal  goal  of 
9.5  x 10“®)  due  to  a longer  sintering  time  end  higher  temperature . A brief 
recap  of  this  early  information  is  surveyed  in  Table  2.  The  relation  of 
lower  expansion  oharaoteristioa  to  higher  sintering  temperatures  suggested 
two  additional  short  ties  sisters  in  air  to  oheok  this  tread.  Those  two 
samples  confirm  this  trend. 
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4.  Aluminum  Powder  liirture  Alloys 

a.  Another  attempt  sms  mdo  to  study  the  effast  of  sintering  mXwoa-  . 
pharos,  tlasa  and  temperatures . The  pevdar  *u  mixad  fro*  elementary 
powders  to  tha  sane  ohenieal  analysis  as  tha  Uodifisd  A-132,  that  is  10t 
Si  -528  wash*  9£  Hi  -525  aaah,  79 £ atomised  A1  200  wash  (nominal).  To 
this  2)1  TiHg  wee  added  to  furnish  nassant  hydrogen  for  reduelag  al— la— 
oxide.  Tha  use  of  TiHg  is  established  in  this  oosaeotlon  by  Khlisoher 
(Rafaroaea  (d))  in  sintering  a ■agnatic  powder  alloy  at  2190*  y.  Hie 
photomicrographs  show  an  or*  it  network  in  sinteriags  without  the  hydride 
sad  show  tha  absence  of  sueh  a network  whan  sintered  with  tha  hydride. 

Tha  TiHg  bogies  to  deeonpose  at  540*  F furnishing  uaseant  hydrogen  for 
this  raduotion. 

b.  Threw  attaospharas  were  used  in  this  phase*  purified  hydrogen* 
purified  argon,  and  still  air.  3istariag  tinea  of  1/2*  2 and  8 hours, 
and  Bintaring  temperatures  of  975°,  1000°,  and  1025°  T ware  studied  in 

all  three  atmospheres. 

o.  Tha  coefficient  of  expansion  on  this  entire  aeries  wan  high* 
running  from  10.8  to  11.7  x 10 inches  par  inch  par  degree  F.  Tha 
samples  sintered  longer  than  a half  hour  produaad  an  average  strength 
a^taal  to  as  oast  Vanaail.  Urn  offsets  of  sintering  time*  temperatures  and 
ataesphars  on  strength  axe  «—  rimed  in  Figere  2. 


1/2  Hr.  31nter 

— — 2 ar.  Sinter 
8 Hr.  Sinter 

FKRJHK  2.  THE  EFFECT  OF  SINTSRIHS  THIS*  TEMPERATURE  AMO  ATMOSPHERE  ON 

STRENGTH 
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d.  Only  on*  good  strength  wo*  attained  with  30  minute  sintering, 
bo  30  minute*  is  considered  generally  inadequate.  Bight  hour  3 Intaring 
is  somewhat  b*tt*r  than  two,  but  not  *aough  to  justify  th*  additional 
trouble.  Argon  and  hydrogen  atmospheres  produo*  comparable  results  under 
th*  some  conditions.  Neither  as— s vary  au*h  better  than  air  for  this 
work. 


*.  Distortion  of  the  bars  due  to  sintering  increases  with  higher 
temperature*  and  bee owes  intolerable  a little  above  1035°.  Th*  Al-Si-Ni 
system  fora*  a euteotio  at  111  Si  and  8t  Ni  with  a melting  point  of  1054° 
(Reference  (f),  page  114).  Distortion  sen  be  expceted  to:  be  severe  near 
this  temperature . In  general,  the  highest  sintering  temperature  consistent 
with  reasonable  dimensional  stability  is  to  be  preferred. 

5.  Bffeot  of  Alusdaum  Powder  Particle  Rise  on  Strength 

a.  A side  study  was  node  on  the  effect  of  powder  partial*  sis*  on 
strength  alone  with  bars  aompaeted  from  four-  nominal  sizes  of  atomised, 
aluminum  powder.  Nominal  20  mesh,  100  mesh,  200  mesh  and  -328  powders 
were  oompaoted  at  80,000  Pal,  sintered  at  1028°  for  2 hours  in  hydrogen 
and  tested  os  beams.  The  deflection  of  these  beams  was  also  measured 
at  the  moment  of  fracture  to  index  the  plaatio  deformation.  This  data 
is  summarised  in  Table  3. 


NOMINAL.  PONDER 
SIZE  MESH 

TRANS.  BREAIC. 
LOAD.  IBS. 

DEFLECTION 

INCURS 

20 

122 

.420 

100 

148 

.250 

200 

121 

.120 

-323 

158 

.038 

TABLE  3.  RELATION  OP  PONDER  FARTICia  SIZE  TO  STRENGTH  ON 
PORE  ALUMINUM  PONDER  SINTERINGS 

b.  This  shoes  ant  increasing  strength  tendency  with  finer  powder 
sis**  end  a pronounced  increase  in  ductility  with  coarser  powder  sizes. 

The  beat  defleet  Ion  on  the  previous  alloy  powder  samples  was  .075  inches. 

6.  Effect  of  Titanium  Hydride  on  Strength  of  Straight  at  witumi  Powder 

Bara 

a.  Titanium  hydride,  suggested  by  before noe  (d) , was  added  to  most 
of  the  alloy  powder  compositions  In  the  proceeding  work.  Some  of  the 
fractures  oast  a reasonable  doubt  as  to  its  effectiveness  in  a leaning 
up  the  surface  oxides  on  the  powder  grains.  To  oheak  this  point,  a series 
of  simple  bars  compacted  from  20  mesh  atomized  aluminum  powder  plus  from  * 
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it  to  20%  TIHg.  sintered  Z hours  in  hydrogen,  vu  tested  for  coaperlson 
with  ttu  boro  of  straight  aluainua.  This  dot*  is  mmriiid  in  Table 
4. 


[ TS&SE  arnOf 

ADDED  1 

TRANK.  BREAK. 
IdUkDi  MS. 

DEFLECTION 
me  HIS 

0 

122 

.420 

2 

75 

.090 

4 

109 

.240 

a 

104 

.180 

9 

M 

.080 

10 

•ft 

.072 

20 

IK 

.015 

tut m 4.  irncT  or  imirmi  huxhx  on  stokboth  and  ixpaiwion 
or  PORK  AUmiNOM  PONDER  1INI1RI1B5 

fc.  No  —unt  e f added;  TiHg  produced  * strength  equal  to  straight 
mLxmLnam.  feeder-.  It  is  concluded  that  sintering  teeqpermtures  of  1025°  7 
are  net  sufficiently  high  to  utilise  the  hydrogen  for  wed  by  the  TiBg. 
Khliacher  in  ref  crease  (4) , nee  sintering  at  2190°F.  In  the  light  ef 
this  data,  the  use  of  TiHg  ess  dropped  fron  the  inveet&aetlae  with  the 
ens option  of  one  series  of  alloy  eaaipTes. 

T.  Dairioation  of  Hiss 

a.  eraser  eat  Cordiaoe  (reference  (e) ) roeeaaended  a die  lubricant 
of  ^rT«i»i  i ii—  aad  etearls  sold  or  elustwa  stearate  in  a relatile 

vehiole  such  ae  earhen.  tetrachloride  to  prevent  the  aliaeiwna  frost  oold 
welding  ta  the  die  sells.  & Inal  mas  sad  stearin  sold,  half  sad  half,  sue- 
peadsd  in  asst  one  te  aske  a very  thin  die  sash  worked  perfectly  on  this 
investigation  with  a separable  die. 

8.  creepier  Powder  Mixture  Alloys 

a.  Qua  of  the  alloys  wade  by  replasing  ecae  of  the  hyperwuteftie 
silicon  with  tltaaluB  bad  a oesffioiest  of  expansion  of  9.7  z 10~*  inches 
per  lash  per  degree  F.  Several  powder  here  were  sized  to  this  seas  ohaaloal 
analysis  to  ooapar*  results  with  the  east  alloy.  Strangely,  the  lower 
sintering  teepe natures  produeed  best  strength,  end  none  gave  ea  even  fair 
coefficient.  Table  3.  ausew rises  this  inforastion. 
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SAMPU 

NUMBER 

rornctnw 

TRANS.  B&SAK. 
LOAD,  UBS. 

COEJT.  or  IIP. 
no**  -/"/°r 

TIME,  SIS 

ISSTT 

ATMOSPHERE 

1 

2 

932 

Dry  Hg 

170 

11.8  x 10"* 

2 

2 

978 

It  It 

194 

3 

2 

1000 

II  ft 

128 

4 

2 

1000 

It  It 

117 

11.8  x 10** 

Powder  Analysis:  14%  Tl;  8%£ij  2%  Nl;  0.9%  Cu|  Balance  A1 


TABUB  S.  STRENGTH  AND  EXPANSION  DATA  OP  TmNIUM-AUDMIWlI 

POWDER  ALLOT 

b.  Prtan  this  it  appears  that  ahaaloal  analysis  alona  oaimot  ba  used 
to  control  tba  ooeffloiant.  Tha  mloroatruotura  of  tha  alloy  la  also 
Important  la  ooxrt  rolling  thia  as  vail  aa  tha  othar  physical  pro  port  las. 

o.  Next  a ssriaa  of  ban  vaa  aada  to  study  tha  affaot  of  different 
titaniu*  and  niakal  analyses  at  a constant  Isvel  of  9%  silicon.  TltaalUK 
at  9%,  14%,  20%,  and  30%  vaa  rtLxad  at  niakal  lavala:  of  0%,  9%,  10%  and  20% 
balanoo  atoadsed  alusdnua.  All  van  ooapaoted.  at  90,000  Pal.,  sintered  2 
hours  at  1000°  In  dry  hydrogen  and  taatad  aa  beans.  Strength  and  ooafflelaat 
of  axpaaslos  data  la  suaaariaed  in  Figure  3. 


rmuRB  3.  snscT  or  titanium  and  nicebl  oh  sthbbth  and  expansion 

OF  ALUMINUM  P0JR»R  ALLOTS 


d.  High  percentages  of  aiokal  do  raduoa  tha  ooaffloiant  of  axpanaion 
but  alao  reduce  the  strength  to  unendurable  lavala.  The  higher  niakal 
a intarings  expanded  severely  on  sintering.  So  tha  ooniitions  which  Improve 
tha  ooeffisiant  in  thia  series  ruin  tha  strength.  Of  tha  four  good 
coefficients)  produced  in  tha  ssriaa,  only  one  sguala  Vanaail  in  strength. 
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e.  Several  sinterings  were  node  of  25%  Si,  balance  atomized  aluminum. 
These,  too,  were  not  enoouraging.  Strength  was  less  than  Vanaail  and  the 
coefficient  more. 

f.  A survey  of  the  effects  of  silicon,  niokel,  molybdenum,  iron  and 
copper-  on  the  ooeffioient  of  expansion  of  aluminum  (reference  (a))  shows 
that  all  of  these  elements  reduce  the  ooeffioient  in  some  degree.  A com- 
prehensive program  was  planned  to  3tudy  their  sffeots  on  the  ooeffioient 
and  strength  in  powder  alloys,  in  ternary  and  also  in  more  complex  composi- 
tion. The  general  outline  was  to  add  2%  each  of  nickel,  iron  end  molybdenum 
both  singly-  and  together  to  an  aluminum -silicon  mixture  at  12%,  18%,  24%  and 
30%  silioon  levels.  Bach  of  these  mixtures  was  oheoked  at  1000°,  1025°, 

and  1050°  F.  sinters  if  it  would  stand  it.  All  samples  were  compacted  at 
80,000  Pai,  and  sintered  for  2 hours  under  dry  hydrogen.  The  results  on 
this  program  scattered  widely,  as  is  to  be  expected,  and  oan  perhaps  bs 
best  summarized  in  Table  6. 


CHWICAL  ANALYSIS 

SIKTSRIHG  T5MP. 

TRANS.  BREAK.  ( 

COBPF.  OP  EXP. 

%S1 

%H1 

%Uo 

%Fe 

%Cu 

°F 

LOAD.  LBS. 

1 10-6  "/"/°F. 

12 

2 

1600 

16 2 

11.2 

12 

2 

1025 

163 

11.8 

12 

2 

1000 

158 

12.1 

12 

2 

1025 

121 

11.9 

12 

2 

1050 

170 

11.8 

12 

2 

1000 

150 

11.9 

12 

2 

1025 

145 

11.9 

12 

2 

1050 

205 

11.5 

12 

2 

2 

1000 

138 

11.9 

12 

2 

2 

1025 

167 

12 

2 

2 

1050 

178 

11.5 

12 

2 

2 

2 

1000 

140 

11.7 

12 

2 

2 

2 

1025 

198 

11.6 

12 

2 

2 

2 

1050 

78 

10.8 

12 

2 

2 

2 

2 

1000 

175 

11.4 

12 

2 

2 

2 

2 

1025 

127 

11.0 

18 

2 

1000 

129 

11.8 

18 

2 

1025 

132 

11.4 

18 

2 

1000 

124 

11.7 

18 

2 

1025 

172 

11.8 

18 

2 

1050 

158 

11.2 

18 

2 

1000 

138 

11.5  • 

18 

2 

1025 

179 

11.2 

18 

2 

2 

1000 

150 

11.5 

IS 

2 

2 

1025 

119 

11.1 

18 

2 

2 

1050 

144 

11.1 

18 

2 

2 

2 

1000 

120 

11.4 

18 

2 

2 

2 

1025 

130 

10.9 

18 

2 

2 

2 

2 

1000 

105 

10.8 

18 

2 

,2- 

2 

2 

1025 

102 

10.4 

(TABLE  3.  aontinusd  on  page  11) 
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(TABLE  6.  continued) 


c 

HSMICAL  ANALYS] 

:s 

SUTIBRIIC  TBMP. 

TRANS.  BREAK. 

corarr,  of  sip. 

pi 

pi 

fiio 

po 

pu 

Of 

LOAD.  LBS. 

Z 10 "/"/°F 

24 

S 

1000 

112 

11.0 

24 

2 

1025 

69 

11.1 

24 

2 

1050 

68 

10.5 

24 

2 

1000 

97 

11.4 

24 

2 

1025 

112 

11.2 

24 

2 

1050 

130 

11.0 

24 

2 

1000 

92 

11.1 

24 

2 

1025 

120 

11.0 

24 

2 

1050 

127 

10.7 

24 

2 

2 

1000 

113 

10.9 

24 

2 

2 

1025 

11.9 

10.7 

24 

2 

2 

1050 

137 

10.5 

24 

2 

2 

2 

loao 

88 

10.8 

24 

2 

2 

2 

1025 

98 

10.6 

24 

2 

2 

2 

1050 

98 

9.7 

24 

2 

2 

2 

2 

1000 

38 

10.3 

24 

2 

2 

2 

2 

1050 

107 

9.9 

30 

£ 

1000 

47 

IO 

30 

2 

1025 

73 

10.7 

30 

2 

1050 

56 

9.7 

30 

2 

1025 

67 

10.9 

30 

2 

1050 

119 

10.1 

SO 

2 

1000 

88 

10.9 

30 

2 

1025 

80 

10.7 

30 

2 

1050 

72 

10.4 

30 

2 

2 

1000 

53 

10.7 

30 

2 

2 

1025 

78 

10.7 

30 

2 

2 

1050 

108 

10.4 

30 

2 

2 

2 

1000 

28 

10.7 

sO 

2 

2 

2 

2 

1050 

56 

9.2 

TABUS  5.  EFFECT  OF  ALLOT  ADDITIONS  TO  ALUMNUM  POWDER 

siotbruos 

g.  Only  three  sinterings  were  produced  in  this  phase  with  a oo effi- 
cient belov  9.9  x 10*6  and  an  three  of  these  had  strengths  below  100 
pounds.  It  is  fairly  oonsistently  shown  that  higher  sintering  produces 
higher  strength.  Higher  sintering  also  improves  the  coefficient  in 
practically  all  oases.  This  relation  of  physical  properties  to  sintering 
temperature  is  fortunate  in  one  respect , but  up  to  this  point  sintering  must 
be  carried  too  dangerously  near  fusion  to  achieve  adequate  strength  and 
sufficiently  low  a coefficient  of  expansion.  The  hish  tc^aratureo  roquired 
produce  too  much  distortion  to  be  endured  before  the  end  is  reached. 
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0.  Milled  Aluednum  Powder  Mixture  Alloy  Development 

a.  In  the  earlier  phases  of  this  investigation  a abort  aeries  was 
run  to  determine  the  best  compacting  pressure  for  asking  green  compacts. 

The  analysis  was  the  sane  as  the  other  early  direst  powder  mixture  alloys. 

Si  lOyC,  Mi  9i,  TiHg  3f.t  balance  atomised  aluminum,  however  the  mixing  was 
oarried  out  in  a ball  mill  under  aleohol  for  several  hours.  The  ball  milling 
oxidised  and  oold  weld  alloyed  the  powders  to  a greater  extent  that  the  TiHg 
was  able  to  olean  up.  Fractures  were  oxidized  and  black. 

b.  Aside  from  the  initial  purpose  of  this  experimsnt,  it  was  noticed 
that  there  was  a marked  reduction  in  coefficient  of  expansion.  This  coeffi- 
cient was  below  average  values  for  the  seam  chemical  analysis  mixed  with- 
out extended  ball  milling.  Physical  strength  was  discouragingly  low,  but 
the  fact  suggested  an  intermediate  condition  between  the  extremes  of  simple 
mixture  and  ball  mill  alloying.  It  appeared  that  the  low  ooeffioient  was 
principally  due  to  the  oxide  network  which  was  also  responsible  for  the  low 
strength. 

o.  One  possible  way  of  improving  strength  at  a partial  saerifioe  of 
unnecessarily  low  ooeffioient  Is  to  ball  mill  a master  alloy  under  conditions 
that  will  control  oxidation;  then  after  drying  the  powder,  blend  in  measured 
quantities  of  atomized  aluminum  to  break  up  the  continuity  of  oxides. 

d.  Several  series  of  bars  were  run  under  such  conditions.  Typical  of 
them  was  a series  composed  of  13.7 £ Si,  7.4t  Ni,  balance  atomized  aluminum, 
ball  milled  20  hours  under  methyl  aleohol  in  a sealed  porcelain  jar.  After 
drying  this  powder,  it  was  remixed,  divided,  and  the  fractions  were  blended 
with  2%,  5f, , 8f0  and  12^,  20  mesh  (nominal)  atomized  aluminum  powder.  The 
blended  powders  ware  compacted  at  80,000  Pei;  half  of  these  bars  were  sintered 
in  hydrogen  for  2 hours  at  1000°?;  the  other  half  were  sintered  in  hydrogen 
with  the  heat  slowly  increased  until  a liquid  phase  began  to  sweat  out  on 
the  surface  (at  1070°)  and  then  were  cooled  in  the  atmosphere.  The  re- 
sulting ooefficiects  and  strengths  are  illustrated  in  Figure  4. 


<o 

i 

o 


FIGURE  4.  EFFECT  OF  ADDED  ALUMINUM  TO  ALUUINUM-SIUCON-NICSBL 

BALL  MILlflD  POWDER  ALLOY 
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«.  This  shove  -that  strengths  averaging  slightly  above  Vanaall  and 
ooeffioients  considerably  belov  Vanasil  are  possible  by  this  method. 

However  it  is  also  noted  that  strength  is  reduced  vith  added  percentages 
of  blended  aluminum.  This  suggests  that  proper  control  of  alloy  compo- 
sition, sintering  temperature  and  ball  milling  oan  adequately  oontrol  the 
relation  of  strength  and  ooefflolent  without  the  addition  of  blended  pow- 
ders after  milling.  The  data  of  Figure  4.,  also  suggests  that  when  using 
sintering  temperatures  above  1000°,  there  is  moire  percentage  of  alloy  pre- 
sent than  necessary  to  reach  a sufficiently  low  ooefflolent. 


f.  In  line  with  those  observations,  the  alloy  was  out  to  11%  Si  and 
2.5%  Nl,  and  the  ball  milling  and  compacting  were  left  unchanged.  Sintering 
was  raised  to  1075°  and  1140°  F.  The  blending  aluminum  was  continued  at  the 
2%  and  8%  levels  in  addition  to  the  master  mix  without  blending.  This  data 
is  summarised  in  Figure  5. 


1076°Slnter« 


''o  1140° 


8 


Per  Cent  Added  Aluminum 


FIGURE  5.  EFFECT  OF  ADDED  ALUMINUM  TO  IXAN  ALUIIINUII-SILICON- 

NXCKBL  BALL  MILLED  POWDER  ALLOT 


g.  These  aurves  confirm  the  previous  oonolusion  that  little  signi- 
ficant benefit  Is  to  be  gained  by  blending  aluminum  into  the  master  ball 
milled  alloy.  The  oorreotion  on  analysis  however  was  too  severs  to  get 
a good  ooefflolent  but  did  give  the  best  strength  yet  produced  (107%  of 
A-132  or  140%  of  heat  treated  Vanasil).  The  higher  sintering  at  1140° 
gave  a laminated,  distorted  bar,  a very  undesirable  condition. 

h.  Two  samples  of  this  series  were  sintered  in  air  at  the  same  two 
times  and  temperatures.  Both  strength  and  coefficient  were  lowered,  breaking 
load  to  160  and  193  pounds  and  ooefflolent  to  9.2  and  9.9  x 10*0  respectively 
at  1140°  and  1075°  sintering.  There  is  an  additional  oxide  shell  or  case 
effect  which  is  shallow  for  short  time  sintering  and  at  least  l/8  inoh  deep 
for  2 hour  sintering.  This  method  does  not  seem  as  promising  as  the  hydro- 
gen atmosphere  work. 
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1.  There  is  a strong  possibility  that  hydrogen  of  inorsasod  purity 
(dsv  points  of  -60°  7 or  mors)  might  have  improved  the  sintering  condi- 
tion for  the  aluminum  powder  mixture  alloys  of  section  4.  However  it 
soon  became  apparent  that  high  strength  olean  powder  alloys  had  higher 
thermal  expansion  oharaotoristios  than  alloys  sintered  in  air  or  improperly 
purified  hydrogen.  This  led  to  the  conclusion  that  a considerable  portion, 
of  the  reduotion  in  expansion  was  due  to  the  presence  of  appreciable  per- 
centages of  aluminum  oxides.  Of  course  this  is  particularly  true  in  the 
materials  prepared  by  extensive  ball  milling.  Mow  slnoe  these  properties 
seem  to  be  achieved  by  deliberate  and  controlled  oxidation*  dew  points  of 
-43®  were  net  found  to  be  objsotlonable,  particularly  on  the  ball  milled 
alloys. 


J.  This  experience  seems  to  parallel  portions  of  the  recent  European 
developments  of  SAP  powder  products  (Sintered  Aluminum  Powder) , reference 
(g).  The  phenostinal  properties  of  SAP  products  are  attributed  to  a great 
extent  to  oontjbolled  oxidation  without  alloying.  The  coefficients  of 
expansion  of  SAP  material  Is  quoted  at  S0£  of  that  of  EC  aluminum  which 
would  be  about  10. ft  x 10“®  "/"/°P  (66° - 212°).  This  Incidentally  la  lower 
than  A-132. 

10.  Conclusions  on  Powder  Alloy  Work 

a.  Analysis:  Several  analyses  ware  successful  in  reaching  a linear 

ooeffiolent  of  expansion  of  9. 5 x 1Q~*  inches  per  inch  per  degree  T. , 
however  the  most  praatieal*  simplest*  and  strongest  found  in  this  work  was 
13%  silioen,  3'.s£  nickel,  balance  atomised  aluminum. 

b.  Hilling:  These  powders  were  ball  Killed  in  180  gram  sample  lots  in 

a porcelain  Jar,  2 1/2  gallon  oapaoity,  with  2 quarts  of  methyl  alcohol  and 
about  l/3  full  of  oerasdo  cylinders*  for  20  hours.  These  conditions  adequately 
controlled  the  powder  grain  oxidation  which  is  largely  responsible  for  the 
good  ooeffiolent.  This  detail  would  probably  have  to  be  re studied  on  milling 
in  other  equipment. 

.o.  Compacting:  80,000  Psl  in  a separable  die  lubrlosted  with  a very 

thin  wash  of  flake  aluminum  powder  and  stearic  acid  produsod  a nice  green 
compact  of  2.3  density.  A few  samples  wars  aompaoted  at  #7,000  Psl  and 
03*000  Psi  and  a few  as  high  as  109,000  Pai.  53*000  is  too  weak*  67,000 
to  80*000  la  adequate  and  105,000*  vhieh  was  not  available  on  this  station, 
is  samewha^  better  yet,  but  net  essential. 

d.  Sintering:  Since  these  powders  are  deliberately  oxidised  before 

sintering,  a high  purity  of  the  atmosphere*  usually  required  for  aluminum 
powder  metallurgy  is  not  deaanded.  Hydrogen  dried  to  dew  points  of  -43°P 
is  adequate.  Sintering  in  open  air  further  oxidized  the  bars  near  the 
surfaoe,  in  some  oases  weakening  them*  in  all  oases  reducing  the  coefficient. 
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The  desired  coefficient  may  be  more  easily  reached  by  this  procedure, 

but  because  of  the  non  uniform  properties  of  center  and  surface,  it  is 
not  recommended. 

e.  Dimensional  Fidelity:  Shrinkage  on  sintering  is  proportional 

to  sintering  severity.  Increasing  either  time  or  temperature  will  in- 
crease the  problem.  However  this  shrinkage  and  its  associated  distortion 
may  be  hold  below  one  per  oent  with  sinters  of  1 to  2 hours  and  1040°  to 
10a0°F  temperatures.  This  of  course  is  not  an  independent  variable. 

The  coefficient  is  closely  dependent  on  the  sintering— longer  tines  and 
higher  temperatures  both  reduce  it. 

f.  Uachinability:  The  hypereutectic  primary  silicon  crystallization 

is  completely  removed  by  this  technique.  This  of  course  is  the  principal 

•objection  to  Vanaail.  Consequently  aaohinability  is  much  improved.  The 
material  is  brittle,  but  is  comparable  to  Vanaail  in  this  respect — no 
worse. 

11.  Silicon  Segregation  in  Slender  Castings 

a.  One  of  the  slender  Vanes  11  castings  used  at  this  station  con- 
sisted of  a fairly  plane  surface  a little  larger  than  S x 12  inches  re- 
inforced on  the  back  with  a number  of  moderately  heavy  ribs.  In  the  usual 
production  of  these  castings  the  metal  backing  of  the  plana  surface  is 
.275 -.28 5 inches  thick.  In  this  thickness  there  is  considerable  primary 
silicon  segregation  opposite  the  heavier  riba  which  would  be  the  slowest 
freezing  portion  of  the  costing.  This  segregation  is  illustrated,  by 
Figure  6. , an  actual  size  photograph  across  the  6 inch  width  of  the  plane 
surface  after  machining. 


FIGURE  6.  VMIASXL  CASTXK3  SH0UH3  3JLXCQIJ  SE3SESATX0IJ  OPPOSITE  HEAVY 
RIBS  OH  BACK.  DUCK  THICKHESS  .275" -.288° 
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The  .280  lush  thickness  of  the  plans  face  was  reduced  to  .220  to 
.230  inches  thick  to  reduce  the  freeslng  tin*  and  thus  roduee  the  segre 
gmtion  on  thin  face.  Figure  T.  Illustrates  the  suooess  of  this  pattern 
change  in  reducing  silicon  segregation. 


PIBSRn  T.  VAIfflSI L CASTXI3  SE0UH3  A122:CB  05?  SIX-ICO  sn^-^r^ATTfrt  AFTER 

REDTOBSS  DECK  THICJ02533  TO  .220-  .230 
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12.  A-132  Kxperiaental  Components 


a.  There  la  considerable  weight  of  engineering  opinion  favoring 

tbo  uaa  of  A-132  Instead  of  Vanaail  far  lov  expansion  instrument  a eat  Inga. 

To  establish  tha  position  of  A-132  in  the  debate  on  this  question,  plans 
vara  made  to  build  a masbsr  of  the  computer  components  of  the  AN/asB-I  an 
A-132  frames,  expose  them  to  both  high  end  lov  temperatures  and  then  test 
them  o are  fully  for  performance  and  accuracy  at  room  temperature. 

b.  On  this  plan,  two  trail  computers  were  built  on  A-132  base  oaa tings. 
They'  vers  completely  tested  and  then  Gxpeeed  to  temperatures  from  -SO0  to 
169°  T amd  tested  again  at  room  temperature.  These  computers  passed  all 
requirement  both  before  end  after  the  temperature  cycling. 

o.  Continuing  this  plan,  two  time  of  fall  computers  and  two  V tj 
units  are  being  built  for  similar  testing.  If  all  satisfactorily  9ms 
these  initial  teats.  It  is  planned  te  assemble  them  into  a finished  instru- 
ment and  plane  them  in  actual  service  fsr  operational  observation. 

d.  To  date  no  testa  at  this  plant  have  sheen  that  A-132  can  be  considered 
unsatisfactory  in  this  application. 

13.  Recommendations  for  Continued  Research  Work  to  Develop  Better  Lov 
Coefficient  of  Expansion  Alloys 

a.  There  are  several  avenues  of  possible  improvement  which  may  be 
suggest ed.  It  mould  certainly  be  advisable  to  continue  the  vacuum  melting; 
phase  of  this  investigation  replacing  a portion  of  the  hypervuteetio  silicon 
vith  titanium.  The  initial  attempts  in  this  direction  vers  premising,  yield- 
ing one  alloy  with  a very  favorable  coefficient  of  expansion.  It  semes 
easily  vlthln  ramson  that  tha  mio  re  structure  of  this  alley  , or  a similar 
one,  aould  be  anutrolled  tar  a.  point  of  materially  surpassing  the  properties 
of  Vanaail. 


b.  Another  suggestion  that  has  been  discussed  la  the  pesaibillty  of 
refining  the  primary  silicon  crystallisation  of  Vanaail  itself  by  means  of 
ultremenie  agitation  of  the  melt  cither  before  or  during  froesing. 


a.  The  similarity  of  SAP  produota  and  the  ball  milled  povder  alloy 
reported  in  the  beginning  of  this  report  is  demonstrated  at  least  to  the 
extent  that  both  depend  on  controlled  oxidation  of  the  povder.  Therefore 
there  is  a strong  pesaibillty  that  the  techniques  of  hot  pressing  and  extru- 
sion which  finish  out  the  remarkable  properties  of  the  SAP  products  may  also 
bo  suooeaafully  applied  to  this  work. 
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